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f®iP ths iawUPti.* mln%im ef ^  m^mtlm wtM »g»to 
lAiyi t® ®««a!W ®f»iiiag» e©ry»®p«tf4ag t©' «» eiMrir ®f 
^®t0Bi &i iafrarei m ates«rb®4 W lafetiiw®* 
Uijam m» 9t ^  pstWRtiiA iwmMm &f m haw«ni« owillalw 
iM isfar^ iapr l«ftii to & mmmt^  it wmM 
t@ Tm pcNisi^ lit t# MlAtisO# m « iTstm tf WsofeMm 
mmm» to ^  mi u'SMBMaSLM im%$ 
it tiM m t^kM liiis Mm ifftliiNi te'm»@r e^ iptMoiis ii.1^  
Sr^ eMieSB« ffaa 1# .m.imm .^dm»mA 'jb© eMMSWd  ^ft SFS^m  ^ <9l^  
yuliBib i^yii0 st®EdLs tifeyB t!^ i^iiiiii^ <yn %}^ # iffi&ssss 
hiniag iiffaxmt msiMimm<ti»- to M iifws* 
Meass Fdf tto ess® 9jf a i«»iaMw|.ii» iUffBsrssttial ematifiift 
jfOF Sh6 @#S3Jm6t^  1$ *)K * SlAl/St^ jl itoWP#. Ic ill s^ psl t# t&e 
etess^g '^ ip bMd stEWBgW 'pisf 'WBtS @tos®  ^ 0Jt lat^ nfrotol-BW diatsHiS® %%• 
tiw fl^ pdHStoittB disSiMSBf' % is l^ iS' ©testii^ ® -oT l,'^ -%#yiwafl#ii* 
rfiwteft'WiMt. anJ m ig TtttelBA aiNlt|8fc| #,•»«/(*» Ht^). mum  *m mm *wmm^m tmmm WM. mm mrmmmt*. «^t»
\®m, 
utoesfs 1# ii %1w .APii^ teB^  ®Jt vyssnstS.WB.* ffeiSB^  <ti^ ijai»-n.it^ <i>^ - fiNi^ peawies' 
im  ^@ t^tirwd iiil>«i«{t fr«^ p«^ iB8 if ft f«!«i^ «i^ 34i iraSwi 'Sf 
Ii is Ssiwsl wttbNMi  ^#stti®B.tibig vbSms- &M' Ii Iui'W liSM 
ie«^M# ia@b m 
#l49uisiefi3.ljff & vitwsSliig. fl@r8%i@i ndkl. sbsssf^  w cnit M^ t •&! tow 
df til# l^blsMiW i^ fi'l«PSM,#tt A •]pnyf.4>4$ii^ ^ 
BBSttSBt* flul S#iA@tiM ralSS IJB' iptTOifefflll 'MMtaZll^ B tltftt dStSfSSlMI 
W 80% ft pssrtiSlSfl^  WSffliSitiB® toS'^ MMWi l&ft IpPOMi wp#- BSESitBd 

m§m 
la pwqpfs#, ft.,pBrli©«il«r Tltep«M« wy 
i3xmtm' mUm of mmt ttosa ^4msm taat tl^ r® wili 3i.ttl« 
mU.m ©ft f®r teiaegiio «!««•,. a»s® tto«pi«»'fetri«%i(8 
®ro' whmPUI IsStssfeS.#!!' @1* &£ 
piBE'SlSiiliii' ftesM-sssl p8i*Msttlsy3^  sissw '^ o 'tS.lMi'sSl<8a#3» @p®ttp# 
®SiiEip#^^yi %® tke .tewsiwfltl &t Isswisst 'I#' tto» elwi4sS* 
. #ba8psstwpi#liils vlWsSlsa® 1% Is ®fSwo p&aslMUi ^  
Ml£» «M« estlmti &f 8lr»iwi @i a «iniia m 
8p«dtnai ®f m an^plit i* aiwilJiblit im Wim 
Sl3.gh% to 6^@ ftlFSfctett &t "to® i^ B&@SSfi®tiS3. gfssigi 
glVB 'llbfiBt SafiflSEWSHS ®i gPOIIf>« Ait 
flSBwapls iM 'Hw sliSXS ©I" IS tt •^ Ni'S@hSs^  iSSFsSisBS 
Jiff teMl>2,HwA 'iM % 
sfti3*ii3sS3S1^ ' !8^ ®®ei?#ls2»^  IrfPffwNI si|HMB'tef@i|^ t0%(Mi'%i>ir8 In f-lfe# 
IMW <i#13sssis6 oM &t m torpi' 
fiUtet &£ esrowsisB wswfM&iM At* f®T fli8aljp$.es^  6eMrsls%l®B &f sseetara 
uttto ©l®»n»A etaMf«i6%wi«Mt ^ bmvpUm Jte®ipaa@i«i» iwwt 
IWN® 1® th® .f03W ®f ©tort® Igr^  IwwSj, S®r»i 
S^4tff®3nl|| mwi ifillllWp^ mnd |iw .^ Al.lskii^ jgh 
t^olS® OfeyKf^ S iHeMI •ttS#i^  9B H #1* iyMii*i«.%i^ |' WIMKPB «Bi|Mit^ f. ehsyii* 
ftel«ri8tl@ teie im ^  rmAmm «ei miiiH^ » 
BtmMm «>f ^  0f vitafttljmi}. spie^ irst is e9te»ti«i mrrm% 
« 3yilynP8r®CI 
M spltii ^ ©i ar«M%t@ ("ib# 
«j^ l.68t @aifN9«l In Vols @mtim-$ immmm  ^te Iwtlft At^ -g 
j§ 'iftip^ s of tbe^ iir «f««^ m Iikvk wmmtmA 
eerasiiBritoaa mB% e«pl©t® wejpl: ©f ©f iMw  ^
f&d «»4 ftftwaa.. feyjirfi»  ^•'fi.Ws'll^ asMi- ®£ tffi wleetiil# h&wn 
W t:msm1.d audi Mw «a ^beitiffitoe* itiswig>l»ii>fai. wsrlt im. ishA' sa6«$t3Pliii 
s &i hmtma km !•«<» <l«# If iaj«r ««»l .UwMtm4. mi. Ir asA 
Bta Iswir apwirt^  ci" Wm Immmmm 
Kftl^ ei iwsigmnit <@f Umir itteaiitas mwm ^#Jtfi@tt3.t i;km for ^nmmt Imt 
•iM W^ le tj^ iin J^ aw* .flga WflS6Sll#8e - ai«.i|iigtm<i>w<l'jfi pra* 
aa^  im tltai @aif<i @£ "Immm ©mi: m & mmiA ||aiS»  ^Htm 
1© 
•idtap&%i«« ©f «b@ »afe®*feitat#4 fesaiwMi#'* • fm mesmM  ^ Pifepw mA Bm%% 
htsfB Mis atssls^waSS' ®f %te •f^teaSS-ro# <i|ii!ia>if( et^Mf wiSlgrli. 
8alsi8%£1^%  ^tav u&sbsoAsw  ^"Mfl'%h ttf ha&ssmiaa ^Ath  ^
u 4i'ha» Isr ft 6®M®1*S® sot^ srslit* PSwtjm? fca* 'SteMild *-%»^  
sp^ tei wt tmgm hmmm$ la ttot U t© I# y^trm regie® 
hajfi 'SSSSgBBEtoS# teilNl lij».»'g#|y <M tteVS &f 
12 
Sljid}jir2^ « ')^ ptipM«l^ l«@r luid Imnmt* hami' StmilsA « seri»« &i mh  ^
SSSite^ ld ^ tMBiaiMHaftm 'iwm& S 4o 8 i»<.«iii»«fi-« stnd haw» 'faeaiSalil'ff®. »«•«>'< f»»*» W^IFnBw f^r^FWIi^ F WF 4PK-*W •• *'• *"w*¥lW W 9^^ , IF^PI 1F*WW VW  ^ nIMWiF 1HFIM)IWRMMF 
mmim 'baawi m i^ rnrnl^ mMj&m-m Be31, Htmpm, ami Ham^  ^
Ik mi '§@Im ma4. "bmm emsMami. smm et Vm mimii'plMm 
irUl^ s^ i.^ s &£ IwffiiwiKgji Issslsg i^ @lf ss®S 6^WB%i' &£ 
wsA sfl^ SJlfcttAis M a slfflp3.i£Siti ii®E®a2, sswiSlnaSs 
tePdstwttl wiife tw© £&im» ®®»stiya%«#, %&m' ©i %lm e©jiiiM.«a8 tii*t tfc«|y 
stlASMi. @9) tiwSx ^rosuli'to iMfta 'tlia.'^ shflmld,' saree "feh# tiBatil.iai &t 
&tli^  @1*' lite @9##'^ ^% i@i£ epttasM,® soi^ iwifcSs bft'pe tMNui 
B^st^ swl t® fSsdl Sh® shEHtotsKPieM.® fliraqsiHaetes ttiLthsttS 
.ttssssssxtiii' nisrt^^y^g tte -fy^ WNilfta  ^PWMSBS.SI' PdM 
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SL<6M|P6iaii is ShiW® in H C'*^  taJi,tt»4nif S&WVW teB plSSfli OH 
tte pepWP|' « %|k3.W plftito 0£ 4i«<fc pg^ p6t|»| "toHB tofflibefS 
isdiss^  ifflpl.i'fei.lhiti #jr * 
ittH# <»»*a«irt.»'t.»g spvf' A. '-ijdTg# 'W n^^ y 0£ srowSl# e®E|p®®8iSs 
1% ^ mm •fiimt ttMst m» imm^ mr to«'t«««a 11 aai U 
•miftfiimwi a#%. alsiaflMs safapesBeaji ''y> ulieS ^ w^iwiii ^  aiimi»<i45#ia ^ e* 
«R>«gMm'i ef tto sm^ sMtuea'^ t pnrtieiOjerlir if put wm i»f tlui 
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netfM Ir fw tt« Im did m% 
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l,2,ii-Trisubstituted benzenes 
830 cm -1 
Figure 1. Form of some out-of-plane vibrations of substituted benzenes. 
From data of Cole, A, R, H, and H. ¥. Thompson, Trans, Faradagr Soc, 
U6, 103 (1950). 
to \mamma is ii 
pss«ttel» U ht^ mA the U mm ®m9s* 
toi4e»««4 atipsaf  ^ hm$ia im 
%»mm»9 at  ^t® ft®- {%%$ tt.l *a.ei?«ss) aoi ttS %& 7fS 
(12#f t@ 3.3«l wt@r«aB). i» tmmi bmmmi ©f 
tiw snbititetmt araA of Ite 'imm b«^« 
t&B SPW^ BWBI^  n tiftflaiS# siiSfS %# SiWRggp f^ -iiwiiigr 
ni'tll fff^ ,f,|t fit wfaawi StftSSSlhwS ylltgj, »» ifhemei t.«. 
Fipuwi t* fit® is ^   ^ mm mmtt &i •^: 
6%W f§T ft pfOS^  &t' SeiSl^ iWSS #f ti® %ipi ^ |>feai^ l): ib^ I^  is til* 
velsttNi II« 
f«9t bi^  in a Aiqpcn^ teii^  
HSS'S '^ ' tiui flttgji toST® SM' S#I®B .^ytg 
<^ B6Hiiep''tei@iBS* ' i^ aH^ ds#. sSi®*' 'Ite ®£ l^iis in 
t@23B#6e 'is 118 ®a*^ ji Wm as it -msir* '9«Sf liesiy, 
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ATOMIC WEIGHT OF SUBST1T"ENT ELEMENT 
Figure 2. Frequency of the G-H bending vibration atomic weight 
of substituent atom for monosubstituted benzenes. 
See opposite page for key. 
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SUM OF SHIFTS IN MONOSUBSTITUTED BENZENES 
Figure 3» Variation of the frequency of the 12 micron band of para-
disubstituted benzenes as a function of the sum of the shifts 
caused bfy the substituents in monosubstituted benzenes. 
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tjptoihi ttiaS fjtfyf I'lfMid WMt i^ iFf'*'^ i h^xw&SifUf np^w 1B 
mrmn^ mMm P'lqN^  ito»s«»is» tet witSb- «Mmi« 
•Mtiafe *®p* sssfeterSse Mintea sa#SSi<MtiUMtihr fisr tfa# S^  ^  gga ana*^  hmmd. !• •!• iW-wF 1WW* HR y WW^<» WW* U^w"WPIWW JB nr"**™ W'^^'W^ly •!»> **l ^wiwair- WW dP "W IF w~» 
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mm &f sMfts prddixeiNl 
1^  iib^ t stfbsSShtiBSHt frU'ii.i^ iiiiiftiif n 
P^ilis'yLteM. ImMMin Impw ^ Pi; fl«wti t^ &rwUm hmi in mg^ $ 
lietii Igr m ^ im teetwii® «®i 71# «a*^  • CU*® •fe» JJ.T 
S ftemi' s^ syttlASS^ w tte sfttec^  QJT 
roltoSjLteisa'lB **1^  ^*tos tvat^ imtk^- @£ i^s. i^ 9&ep'Mj9s. te m# wto®* 
lbias«Mi84' 1&@ e««tt»7iag #f'ftlatg is @wsi4«r»tajir ipm&tcv 
20 40 50 so iod 120 140 
sum of shifts in monosubstituted benzenes 
t 
0 1 
Figure Variation of the frequency of the 12 to 13 micron band of meta-
disubstituted benzKies as the substituents are changed. 
-21-
20 40 60 80" ioo 120 160 180 
sum of shifts in monosubstituted benzenes 
Figure FrequeB(^ of the u to 12 micron band in loeta-disubstituted 
benzenes vs. sum of band shifts caused 1:^ the substituents 
ijQ monosuBstituted benzenes. Vertical lines connect points 
found for individual eos^ounds when choice of a particular 
absorption band could not be loade* 
20 4 0 60 80 100 120 140 iso 180 
sum of shifts in mon0substituted bemzeneg 
Figure 6» Variation of the frequency of the 13 to lU Biicron band of 
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WAVELENGTH — MICRONS 
Figure 7» Spectra frcaa 11.5 to lit microns of some 
para-dLsubstituted benzenes# 
fbe aUi® baul m m*»& at nbe t^ 
ii wAMmm «bt# ttass ©•tti«r tiib 
wmf' M th« %!•» t*S»* » 3,k*f®»tt4.«M8|. uttte th# aitir®  ^
@«pte«ri PPWP S» ^  awiiw* 1 It la tluit 
IMii nae^ft hsM a|f«iar €i^  $m- ^mm im ®mm m& tto% It 
mm  ^arrni^ wwbt nf 
tm %#tli tbe ««A mm* 
b88MS WftB' Qi§'|>' %£ wm$3ptt &£ "til® sytosSliSttilMsSs 
'wiw & of es l^sfBa^X ffnip* 
sfsidsros# 3tou6lj@btiyii8 il|nlf®@i® isssswitsjbbs 
|]qi "1^  i^ r'^ oitad^ lams &t & 'Wsw tfteywym-wi. jbi'lio 
m^m 9f tftf tnmt li'i^  loii mmhmss'% ao^  
#.#s#ir8 #c #fl3s%w9^ l gffiaipy m^ fd sfli## 2pwi®4 @®8®s #|iwt#f^ yl',1;y l-nrgfj-
^ %||i ^fiygsiii llfli1Bt#»g filFSMiPMI ^  
'hiss# gpwwpb 4i@% ^  -isktigwb^  ss^ s# 
•sssslflg pn|&%ikf 'aiuftw isshssf^ uibf. h^ &tsss i1:1 tlmi sq^  
m Iji •!>«» I|r M @tf 1 aM figwit It b« l» 
ftgwn 7 uliifiwi sma in "unt .s-wbs #1* & ftw peystw^ buretes^ lmisihs 
INWfllMW#!!» Hf* "ItelAII gfwfwtpw 1,9  ^ ttiailW1FI8'§ MSWS B^rt-kjtog Ia 
moboimtlmkm.'tsiaiyni jflflmdps § aiwiw •.imt ib«tt«««il iwihma bttfciwim in 
•fem.« z>iigi,wtt 3»6bmwtiis1^ ''fea'teiiii lwbb®etiie« hhei^ ' is a mtstWM atoaonam^ ffla 
blffid itetspmhft fflyt4 713' cx3*9 'to lk>@ hsiflbptmss) slid ifso^ iitaeic &£ 
wl lAmt tiiB s«sMi tet«Miilr fct'tawwrn Til aat 7f5 •«' Cl.t«5> U l$»$ mi^ rmm). 










Figure 8. Spectra from 12 to lit.S microns of some 
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Figxire 9« Spectra from 12 to lU»8 microns of some 
monosubstituted benzenes with anomalous 
band patterns# 
fipb^ w^mgr vs.wsm.^ g® iii eppsirafttisr sswff#@ihii4f "iimi' 
im tHaslatted ahetn 7fS «w*  ^ aw<l aemmmwm sllh w»t«k lawHP 
SsSemsltgr* lite 'A j^roiwi 1  ^Sstiiuit%' Is ^w##  ^ sta?SJdtong In 
&MS#ft'l®« iftlSX  ^ idliltiNlM^IB hS8 WftFly f'HffHtftlMNI.*' 
^mA immti in 
gfiyfipj al4t*«aigh %% |,|| ^ pywal: ifmatfipls. gi^  gs, lafw  ^ j|i^  
i|«f «l@im9 iB «pp«r«»tl^  «ini«i4 ir m i>i1mi%i«» «f 
1%9 HqpNi^ teW #1* tidhi @i@lpi8iri Hill, iNi iH :ai69h» 
i&l«r* 
isstttstiblb. 9f smiss iM tW0 l^0SiB  ^ #wtimni ^  
ff^ pi aivii'lii^  fiii|«- t lists #f »f U «l»@a 
In ssifwrijl pai'Swi^ Ssi^ ti.tss'te# b®asiB68» Ww "to®' sii%«%4teSwl 
'fefllMpnajj |ip<l MfcftlalMtiKttiMWfiM StoKP®6i»iPlsSi,® kai»  ^ i*. W- Jill ipw |||» pp. IP •! w 1^1 "W WlipiHf MIHAVW JBff ^FWifWW» 4V*W|P 
lit «Qd ll@ m I ft» «tts  ^ @f  ^efiMpmiais is «»• of tiM 
.sa t^ilmst^  is  ^ A nitr# « eariMg'l, tte is dii^ 34i6«i %« 
«»1 11# im SIS .«»• I if ®f 'Ite swiwfeitawtw mm »itr@ mt eaarfeea l^ 
jp^ l^ ip§f iM 9A ate^ s §S9t, * 
tm #ter «sas«sf. tewi sMf^  i^ '@is«l*i«i mmm if sina 
sM.^ «its axw arrm  ^Im simlte m^s* is  ^tibs 
ft^  tf isomers tflh* Mi t«|*it)mt^ 3 i^ioie ssid* Bg*^  srs 
y»% 8@id km its ©te'S t^^ r* 
ist4« teiaai m% Slil wa" '^ Koi •fefe® if$mmiM .Itaii' i^  ^towd «t 8it mTK TMm 
«t»tt & s%i»fi@ i«ffe«% lNi«a»i« .sijaewat stteMtwnits ws ssimi 
iE %ii1  ^ diMMrais* £b Uto sM^nis in ti»' ©EPteerl. sap@8® 'lii 
irspljitft# %flf n. ^ plftoamysssiroyll gft^ p "^ 8 is i||.f ijm*^ ' iji hie 
t«bwilxii-|l9'i. @i»qpNraii $mi. &% il>7 ia mrni^ ima&m 
fiM» t« t&e tesNMitte 
P-flw^%s>%mm • ®li*' 
{mtes«i#t®3jisai 
sfviasesi^ ai^ i jeyr^vi^nrwenF ^  'tmUfwr 
pi<.m«ia.»ei«w«i ii©* 
p»f®3wi%riiii ijy^  
iwwA*  ^f&i^ tii'l^ iiiyiitiiniiT i^i **$ ^  
p^ folait aeli ib3 
|i«»^ <»i,»a|i^ |i^ |.,y aa'tiif. ftl^ |. 
 ^  ^ 114 
p<milmm^mim$A Jfeii.4  ^ ISI 
•iq'14 8s3 
iwepli^ ni^ ss 
%«lii £ltm k* 1* 8# '@i^ . md. M.m v.. trwn* firaeibkr 
101 um, ^ 





I  i 
f 
I f  t  
H  
i 
S ! s 
1 1  i  
f t  I t  
I  
f  
I I  
t  
I  
I t  
1 1 1  
I  I I  
I  
! I I ^ I I f  I s: 
"•33«" 
 ^mmm %& iMimf itei it Imd i» fonmed. B^s 
nan mei^ lsljiid @@iq8si^ feifl4^  tihft'l iaas 9wiif  ^ iM 
ip#^ ljp®d ^  ^wd/wtt ft lif-b^  iift'lini93& '%ii# sltterfls'tirs'vw ooittoyw 
tlilllKB JLs M0W fUNiili&Bt 84fflW nyjy fyfH> A.'^ '|i)P||i@*r 
iivt la @«lri^ tt mmh m it inimlfiii 
sibx>ii jmmwtaur 4||. tutu'rtiirf 'fed ops'fclm 'febs i.,*!*!*! hetshmms 
%tf@ 1,0. fs'^ lsjhbti slliply £@^ ""^ 66 **fl ^  ft 
.sJUfs i^# wtetiJbi' scciiii' tlitt l*iretfl#g vtisFBldlOtoB %o 
s^% -'llim 'is "ibs' tiwfthtifijii'4 ssiwit jjit <i^ s^(i®m8ibs 
k ®£ %h# wrstal. stamtis-ttiinia •&£ »Mmm gmosmst® w44n» ««iii»«mtiii.iwi* 
|h»^  #:«ptei^ ls@ #^ <.4# pt^ pwfe %@ 'tods sstsyppi^ 'iijy®® yie «c^ 06% 
&t ai%i» ent^  tarlmiqrl. grim^ pts', Mm. am 9l««tmmift%iv« «ln»i is f«r@fii 
1  ^ go^  ^«f m» ^$%m t# Ii« & rii^  fef^ .pMa iitc^y an 
ft'fe^ m^ l'va tOT  ^ of tte ' 9^# 'tthto^ llr ftjtltoj lllrdtamwa txatmi-l.iae^  |mw imi awti-
fwifctd. in) @xr9tal 8lrti0tar«a #f ^ tlrl tftttfieljn^ ini wimi #it«i>«iihi4 
y^ettigh x«1pagr  ^ fh* bbtlflmbl. "to® 4s8x>teif'l, 
.^ •^a mtm sM te earta @}iNi»8% It  ^risf «!« f@wisii t# 
-|L 
 ^t*6f « @«qs 8»i fm lis ®ter mww  ^aIm tito mMtmm &£ 
tsi!^ &mh to lAie el&««8t riag aim in t.# t §*&$ ttspttrawi. 
AsiMHSflg ft SWtitil %NWS S6B®2S ftildi 'ittstWtoB#' ^©T' f^ -Hg ljgwijj»gi|^ j!f| %]^  6wR 
Mstamm iM ^  l&tim' @ftw» in almt S*t aagstrena. 
«BgXt f««id Igr Bftilif- in 31?*» ii4«b smfgws'to m Sf'^  
ite ^^«Hi icynii ft® tk@ f-ti^  lor^gftSi ft%w ia pr®l»a)»l3r tefttftd 
latels i^ ' y^ *g*«>*» sm^ htt'sd palls' 'qf  ^4^  
6i^ gto ft'taa* fha is'tewi'a'fcwS©' Am^bb^b aaii' as^Sss ax*a eiisttsa? to %b0Wi' 
im is }mm 't@ Ihi & igNtregm ^Hai* Bun 
*#£•8%  ^ 3f MswtaiiB® iji a @fiFl^ 9asii^ @ i# to. Blla®# a, BSa?M.ti. Bosi* 
tiw etapfil «b, tton ®r^  #«%« m&km j^m i»i t»«n4, t@ 
pl-,§iffi % •psartS.sl, BeBgsM.w s&KPge' cim. %toi i^qfysg#»' weitild. 
stpbjif ft kp^ ®g«a boos* 
'lib#' 1f*»f*fy s'fapwb^ wps ®£ % i i i » . ^ " ^ - i f l b s  6 f l 8 l | ^ b 6 % w s  t t @ w %  
m. 
xii®wsl^  1^  iiws^ w®'* j^ nn tte) #f tfcw ssiroi' ia tiw ssgrwss^  
iftttie* .il#iiii@« ims'lmmitt qi^ g«& -aimi #f ll»i k4tx^  floai 
te larter ftlnmi im: fmii id ini t«71 t 0»0| 8«p'lr@ihi« i&i^ t 
iim^ lt ibssibmiw i&T' %lve #jf % wnlftfalnlly l|ntei|pii bondi* 
fi^ op#' ^ ' ultesini %]bi% timi is1ji®8w gnra^  f 
€9#b .aes hspi ie appf#*l.idl3s 9ifv$% nii "tow tim @*k 'imtimm.»g 
<iiwbi fiiygwr ss®b® hfypii* •%& ini 
wi«mm f«r immUm « l^ «^a in^ « l%i« 0i 
mv«mtmaayl«iit#«iwyl«ntlf't«iii-'^  8h@wa titols. •fSO? & «w:1#««mi •ommm i>».*^ t»lmiidl %|| m 
insbssb® yl'^ g %il6 6®e%®b *1^  di^ s^ii ds>bs$®@# is s^ sbls s»0 
upgmwittsly ito® lthi*ipi it dui#sss6s fw' fsnrastd®® #jr tt 'ignbniip^  l^ nidf 
3%A ' jf^  aillar aan* 'Bjeld awMfc mllapa B^TOSNBSihi SSt^  Mwiiw-iiaat^  
bmp9« 1%mi sssthpssmrito &8%iub8<8 igi) t%f> fiaaft. ijb, qstopy 
sotwbm,,® 1li.1& 'tisss n^3<i|tg 8'^ >4kp^  jfsssbl?# dttis# 
?®ss^ l®b ®£ h^l glp@8p w'^  ojf %ii8 plsiw ^  t^ b t»f.wg| sfc®' istilbf* 
•"toiia <siyil*b6ss s^ sbissajg lintip^ wi lb@a6siin|e Ww9six$§%,^  ^les 
•ssslotlittbis wiilbb^ iitmiw ®t wtfami ^ yiibjp wil^  ^ s|l#6^  %<! 
&i W0 'irlug# Igr %le8. 'ttsu 'Qt p®liis4.sed laf^ apid a@i. hM tsslis'iissdswii 
"tiw m' tflw ^ ll*k' .iktosl®® 
blteellwaswaimie za t^ wuA iiyj^ li^ yi^ 'fei*.imifailii»ni nl't**# 
ijf jtn 'ttw fluueit'- 9Jt s#® yfffg' tos 0*8 fsneqewsesss S3N$ 
.101  ^ I^T mr\ m»ptv$Uml^ 0 'iftdla ta mi. ©rto©-
temw^ bttesbsozubs lii.'ljp# 'is i'ssstsdi @>jf h^#' @£ t&b 
•1 
rimg «Qii tlie #«i 'am 7M tmi 711 m # i^ 8iwetiv»l|r. 
% 
'tn esiT»8iMBdise •®«il>mErM,e «<i4 rftit €h«i earbtiEB?!. aiewHD ia in <(•>*«• 
ik • • .l*. 
'pte# 9i 1^  i^ g |j&. (762, m *) fl«i  ^nffsnmid 1w 
tefn iji pSsBS" ^£ is  ^M.mg .|iB SBthraslliC lUiUi C75S #»**% ai^ . f@%&%8Hi 
@mt @f t&i pliton »f %# *i»f iM erttto««hlc*ro; sni 
«eM C7Wi (l»*  ^ f#f la aJJl ««*«» li« 'tfiiwit «f ®t«rl«' #iM»t«rt 
«iBialfflg wtiittiaa ©f ptmp mA ®f tto® |ilj»e &£' •&» 1» to iMffe 
@«*R fswMisi®Bi,#s iM tili'SSMfiia sase®'fc*d If i. IsrtipeMaa ifex***'* 
1.9 iwibg '1ap@ii!hb* 
file- 615eto@b ^  ^BSKy0M is- 83ll«l%9nl^ f isslniissp <@f 
ii«^3. ii«l44e« 8M34 im tim mm m Ut@ 9meb& l^ m^&m to &mh0n 
in ilnlferS  ^ idNmi 2«i| MipftjhMi* £Ni fegNbrofHS 
istjaaki^  y^t 4rllifmffft iailtiy*»*l^ y'li^ fft lasll^ tjllf 1^  sbifcfijlskp 4 m '^ **l1i'hikffi^ tffii)lt1it i^* 
"ttossgh styol^ imp iw tawtfj^ oumt.fwyl ,^ t» 
ImsifcyMrii ^bem i« « tai at t^ mmm {7bS €»*% «ut la 
«t it.SI i^ firons (777 ««* )^. Itpiupeiitly, 
&i tiie toani i®' aff#«t«i tlte taorlMan to is 
l#S* tilflO tiiemS ^*8 SttgSlaPPMIe ils SlNl 
pKiM%- @!L#s« mmgb t# tte' ^^&gm utm t@ fmm a 
lwi4e 4^ ff' nirt tsfw^v %(i im' so statom sa t3ia% im 
'lM>IIHIitl^ 4.« «I».f.«i QW wl, fclWifl!WllW.«i»»1lMt ^  
fb4s. l|NbP@gsto ^»4i^ -fjt^ M.«t  ^ <y>fi«i,i 
mym  ^®i %!»» i^Si %»' 7'^  htmi im msmmlmM.tMt»4, hmmmme 
I 
I II I 
^ I I 
















m f f m  
la itai 3,3 1^  lb -w&mm. w»0>m ja fipu» 3j&« 
1*1  ^ if iteBt g #it|.,i# II towi &% 
ll^ tl m^Mrrnm (7$k- mf^)g il§^ms^f%msiM.§ mM Ms tw® anorpmcii b»i« 
at 13»3t tmi 13»4I iTSte mi fM mT  ^ &i afe«it iMtmst^ g 
mm.d -fpd^  f>t ftw^ . x3«^  
if si a'*'^  ?m •«» i *rf ^  thb- istt^ p atefltot ftwi'htltf ms th» 
y<; ©i* -ti^ ss ©snppndli ssisiisstw 
tent «t«pic f»it®r* fmmmt tte fwmatis® #f w^p® ttaym ^  W-0 
tertPMHsa 80 that 'tl® ®M®^a m®" %Nft SastMfmNite'd as ftilnwai 
wtwgi,« feay -^ -^ t* tte apsstjpsii @t ]^ j#By|,ii#ft.%i# 1,0 4i# t& ii4>tefa* 
^&£ tb# ^ sgy^ yi^ jt|gfin atflisffli '^ tih®' a^s al?fis@twe tkmsdisgji 
aoatlis ngt# 93^9 ft't'to l^.tetait to Sa'S %#i^ tib3ig vSteatSfliMi @t Si® wlxEySiMS 
fixtg iX3'»$$ nisf'^ qis) a«mi feobytes rlsg cu«st ^ wseai)* 4 sti8$3af 
•aygttSBt «ffiil^ i|t«ii f^cy ,^|^ < i^!iy|,ffff4tf ftilfl* B t^M tih® t»'fey»f<itrf,#f 
f^a<ip<iii@|jni @2* tte ^ff- %># im ^yis WB^w 
tm 'itonis of t^ i^nl' 'etimfgimm  ^ Mm §^|»^ y|, #^ «iitsmilg vhapam^  
•3l-
4# nt ilfoo in • xa »#l^ |'^ f*i;;]^ miiy1|,,abafi^ .'|# ths- ^ #f^ qyli stipwfeftssg 
vite&tte is at 1l7f5 'mO. tlw i«fi kcttillj^  %Mii» at 7lS «ii 
7^  £bi •t|>i.p]t|«^ '|.#tl..y|,.ai||yb^ j^ 'l.ia asiti ifl#. ^ t|>in#fy|,gy^ ittyt* 
eiarlmi^ 3i@ aiid tli« #aftarl, »ti«'*MiJig. fi'Nrati^ fi la at a s«oitet %imm 
«tt*\ -aad In l»@tli «f ^«e Ite @*8 iNindlsg 
•vi.liraM.im is m% si^ llt i&t# £»tfEuiii@iaa|t tlmirs laliig aiagia teula at 
7^1 'fosi 71? 9ait\ ra8f«ey.«el;r'»  ^ -aitttMra 
ttoe @ar%«W0ri stawtelttoi filfatita hm sfeift« -^, t© Mf@ flas*  ^msA %k» ®«p1 
'JmmMm vil»«y.«a is apMt Sate t«® teais at 7l^  aai 7St mT^  tmt •toi 
38-
WAVE LENGTH 
Figiare 10 • Spectra from 13 to lb niicroias of (from left to right) 
pher^lacetic acid, dipheoylacetic acid, and tripheiQrl 
acetic acid as ndneral oil slurries* 
©©laptMKl. «i ?IJ md fkl for im gmmmlm 
@aat« «i® %mm immm  ^feaa® a» 4ate»«« a« 
teiaii |wii m ia 'itertii^ EriasMi^ i® a®?# it# lyfei®#. 
& el®8«. r«mm®a  ^ earte^ l 
wlWiAlm nA &i tl«. M tedi»g Wm»Um, 
m» i8 «®w§^d. ni^  f#i?®«i rti^ sifelA im ^  
•spMMim  ^M ialu is tftiT 
IfO IsSsrppwS ^  tils %hii|> 'ly^Nsi'g  ^ ignMsSbesSSji nwoM 
.»®iii- iuffitmit im i» lar wiir» 
iesSitt #tte niLte fttast «i 
stih@i*l,as|i @'s8i ust 'i® atwg jya tlw feiwisisb l|iw®gis8. 
a. l^ mid ®i9r§ iM ww^ wthlw imi 
Iiit«.ti;jt4.|»4. l;»n»ff^ <ty<. ftlilayf ififcitatti iS A fSfWStilS 
ipfttial. 1^  iMmmA tprnWA^M iik»m 
shs% jl® £tie®ba« 1% ijl 9# s^ wme fttf fclaa 
•1 
te ml.d @7 l^ ikfyitewslm* • '?'s8 ^  
j^ «f gtiuflwml %0 ffo la %m|ma<f^ 4ay4  ^ ih 
§mm -tf ly^ t ®mft« iiiiwii^  p«r]y^  mt all.# 
 ^ %@ i^ iSlfSglSB %@sSil^ » d< l*jfity#: .|a 1|#%W1SB 
wttosss^ duosoiisai ma is s8tts#4 1^  %l!|# itygf'y 
diriiste^ s ©i" ©ttiwptiw' im %# fximxcissji fffftfelatig 
-sfsfiiyto "^ 0 fiiufib. 0t ism9®ne* 
sb^ tilji 1m( othp^ wtgltiirti ^ tnnt '1^  4#*/'# dlissws#4 beim p^ vuto. 
pr9@f tliftt tlw propfhiiii «i'te«3% e^ stii* fl» l!(in»0'tlmisl9 
w^ntl^  pi*9viil9S s ©-oaEfWiSiiiiBS liiir' v£: ^ypinf.yii^ g swSsSst sMXSs lil & 
#la|^ ls ioss sttewmp* A hbatosss 9t tte pp®p#b#3l, i># 
It #slis -'Mtar a Mtisri. iscwtv I»t0 waipfi 
vii« idmt tlM •«« fw tiftt #f l«^«i oar .Msmtlii «iMft %ksm 
ibw 0i%ii9iiii sjfiy^ ii^  is^ syptt j^f ni#%ll^ 1^  
gr*^  m4 Wm «pp«f«aflr mitt mmimw @f «i^  m& 4sarl^ 3. pmpv* 

& w p*- II 
p. i 
•1 






mmmrnrnrn S<l6  ^ 3018# 300? 
Ml ma, w 
i§ik Mi? 
•WsMSUri StiBiP 'jfyjif ,»ii 
WlphKi^ ls'tS.'bSitil mm. mm, mkf m$ 
SEdLf^ si^ li^ wsipfcdbroi M7 mu$ m& 
BS,pih®8grSss83P8W3r mu mm Mk 
MI »%$ 
B88l8flEl£te^ |j|l' mi m$ 
HKB#! »9l 
SS9lB®%iP$,@lllj0S?$,^  MM »m 
Mf mf 
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a* Possible potential 
functions for out-of-plane 
hgrdrogen bending vibrations* 
Ingle 0 is measured from. 
plane of the ring. 
b« Possible potential 
functions for in-plane 
hydrogen bending 
vibrations. 
c* Possible potential functions 
for C-H stretching vibrations# 
C - H  
Figure 11. Possible potential functions for some vibrations of 
substituted bexizenes. The solid line is for the case 
of no hydrogen bondj the dotted line, for the case of 
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RATIO OF PHENYL TO RVRA-TOLYL GROUPS 
Figure 12. Analytical curve for functional group analysis of 
tetra-arylsilanes and hexa-aryldisilanes containing 
phenyl and para-tolyl groups. 
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